1. Introduction
===============

Haemodialysis patients have a reduced survival compared to age matched persons \[[@B1-toxins-06-01505]\], and the increased risk for morbidity and cardiovascular risk already starts when kidney function deteriorates below 75 mL/min \[[@B2-toxins-06-01505]\]. The main reason for morbidity for these patients are cardiovascular and infections \[[@B2-toxins-06-01505],[@B3-toxins-06-01505]\]. The choice and extent of dialysis did not alter the outcome of infections in the HEMO study \[[@B3-toxins-06-01505]\]. The reason for morbidity is multifactorial although focused on malnutrition and inflammatory processes, in parallel to atherosclerosis. This triad has been named the MIA-syndrome \[[@B4-toxins-06-01505]\]. Thereby malnutrition is found in 50% of HD patients \[[@B5-toxins-06-01505],[@B6-toxins-06-01505]\]. During progressive kidney failure retention of various solutes occur that are denominated uremic toxins \[[@B7-toxins-06-01505],[@B8-toxins-06-01505]\]. The toxic effect of these substances has not been clarified for many of them. Key functions for a healthy body are an adequate nutrition. The malnutrition present in uremic patients may be due to loss of appetite but also poor absorption from a dysfunctional intestine, increased catabolism but also metabolic dysfunction. Thereby for carbohydrates, degraded into glucose as nutrient, insulin is a key hormone for metabolism. Notable is a progressive insulin resistance in parallel with uraemia \[[@B9-toxins-06-01505]\].

1.1. Energy Supply by Triglyceride Breakdown
--------------------------------------------

Fat constitutes approximately 40% of the energy resources in our meals, depending on type of diet. The uptake of fat is mainly as chylomicrons through the intestine. Lipase from salivary glands and pancreas contribute to intestinal break down of fat. Once absorbed into the circulation, the metabolism of fat is mainly through hydrolysis of triglycerides into free fatty acids. This is managed mainly through degradation by the water-soluble hepatic lipase (HL) and by endothelial lipoprotein lipase (LPL), present on the endothelial surface in capillaries in the area of skeletal muscles, heart and adipose tissue \[[@B10-toxins-06-01505],[@B11-toxins-06-01505]\]. Lipoprotein lipase requires Apo-C-II as a cofactor \[[@B12-toxins-06-01505],[@B13-toxins-06-01505]\]. The free fatty acids \[[@B14-toxins-06-01505]\] achieved by the lipase activity will be the main stores of energy derived from fat for the body. Free fatty acids are bound to albumin in plasma and transported to where they are needed or restructured in the fat cells into triglycerides. While LPL mainly metabolises chylomicrons and very low-density lipoproteins the hepatic lipase mainly metabolises intermediate density lipoproteins and low-density lipoproteins. Another lipase, the endothelial lipase, is suggested to be the predominant enzyme responsible for lipolytic catabolism of high-density lipoprotein in hemodialyzed patients \[[@B15-toxins-06-01505]\]. Besides SN1-lipases, several SN2-lipases are expected to play an important role in uremic subjects, these class of enzymes are in part acute phase proteins that might play an important role under inflammatory conditions. Increased type IIA secretory phospholipase A(2) expression contributes to oxidative stress in end-stage renal disease \[[@B16-toxins-06-01505]\].

1.2. Interaction of Heparin to Lipase Attachment
------------------------------------------------

To prevent the haemodialysis circuit for clotting in most centres heparin is used \[[@B17-toxins-06-01505]\]. Besides anticoagulation heparin may also exert some anti-inflammatory actions although these probably are limited \[[@B18-toxins-06-01505]\]. However, by administering heparin intravenously the lipoprotein lipase enzymes will to a large extent be detached from their site on the endothelial surface \[[@B19-toxins-06-01505],[@B20-toxins-06-01505]\]. The release of the HL and LPL from its bindings sites causes an immediate increase of the enzymes in the plasma \[[@B20-toxins-06-01505]\] and in parallel an increased degradation of triglycerides into free fatty acid within the plasma \[[@B19-toxins-06-01505],[@B20-toxins-06-01505]\]. However, the loss of endothelial enzyme activity takes several hours to recover, since the free circulating enzymes are rapidly degraded by the liver \[[@B21-toxins-06-01505],[@B22-toxins-06-01505]\]. Thereby the body pool of lipase is extremely depleted within 90 min after a bolus of heparin, dalteparin or tinzaparin \[[@B21-toxins-06-01505]\]. Notable is that there are differences in effect of the various low molecular weight heparins (LMWH) and unfractionated heparin (UFH) \[[@B19-toxins-06-01505],[@B21-toxins-06-01505],[@B23-toxins-06-01505]\]. Although the peak varies the pool of HL and LPL are similarly depleted, indicating a faster uptake and degradation of the enzyme being in a complex with, e.g., dalteparin than with UFH \[[@B21-toxins-06-01505]\]. The hepatic lipase pool seems to recover faster than the LPL pool \[[@B21-toxins-06-01505]\]. When the lipase pool is depleted the triglycerides will rise significantly in plasma for more than 8 h \[[@B21-toxins-06-01505]\].

1.3. Lipases, Uremic and Haemodialysis Conditions
-------------------------------------------------

In uremic patients the triglyceride/cholesterol ration is increased \[[@B24-toxins-06-01505],[@B25-toxins-06-01505],[@B26-toxins-06-01505]\]. The dyslipidaemia is considered to be related to disturbed function of the lipoprotein lipase \[[@B6-toxins-06-01505]\]. The lipase activity is lowered in uremic subjects as well as in HD patients, measured either by lipolysis activity \[[@B27-toxins-06-01505],[@B28-toxins-06-01505]\] or hepatic lipase \[[@B29-toxins-06-01505]\] and plasma lipoprotein lipase activity measured by release of FFA \[[@B24-toxins-06-01505]\] or directly \[[@B30-toxins-06-01505]\]. When analyzing the area under the curve of the pool there is only 50% as much in the HD patients *versus* the controls \[[@B21-toxins-06-01505]\]. Again there is a difference in the levels when administering LMWH *versus* UFH \[[@B21-toxins-06-01505],[@B28-toxins-06-01505],[@B30-toxins-06-01505],[@B31-toxins-06-01505]\]. The difference is similar in the HD patients between the drugs as in control subjects although the HD patients have less than half as much in their pool \[[@B32-toxins-06-01505]\], again an indicator of faster degradation of the dalteparin-LPL complex \[[@B32-toxins-06-01505]\]. The enzyme activity levels off at a plateau phase in plasma where the activity is less than 10% of the maximum activity \[[@B32-toxins-06-01505]\] as seen in [Figure 1](#toxins-06-01505-f001){ref-type="fig"}. Tinzaparin was shown to have an intermittent effect compared to dalteparin and UFH \[[@B33-toxins-06-01505]\].

Notable is the repeated administration of LMWH or UFH and exhaustion of the lipase pools during at least 8 h each haemodialysis, at least 3 times/week. Besides the temporary loss of lipase pool, the enzyme pool is not progressively impaired over time, neither by UFH nor by tinzaparin \[[@B33-toxins-06-01505]\]. However, tinzaparin resulted in a worse triglyceride profile during HD than UFH \[[@B33-toxins-06-01505]\].

![Plasma lipoprotein lipase distribution in a haemodialysis patient after a bolus and infusion of unfractionated heparin (UFH). The figure shows a peak of lipoprotein lipase (LPL) at 30 min and a reduction despite continuous heparin infusion. The area under the curve from start to 120 min represents the pool of LPL. The following plateau represents the capacity of regeneration of LPL.](toxins-06-01505-g001){#toxins-06-01505-f001}

1.4. Cofactors and Inhibitors to Lipases
----------------------------------------

In plasma, the presence of the cofactor apoC-II is counteracted by various inhibitors such as apoA-I and apoC-III \[[@B34-toxins-06-01505],[@B35-toxins-06-01505]\]. A more pronounced inhibitory activity has been seen in plasma from uremic subjects \[[@B30-toxins-06-01505],[@B35-toxins-06-01505]\] while no such negative effect was found in the ultrafiltrate \[[@B35-toxins-06-01505]\]. Animal studies revealed that angiopoietin-like protein 3 and 4 (ANGPTL) are inhibitors of the lipoprotein lipase system. The ANGPTL4 interacts with LPL and causes dissociation of active LPL dimers to inactive monomers \[[@B36-toxins-06-01505]\]. A similar mechanism of inactivation has been proposed for ANGPTL3 \[[@B37-toxins-06-01505]\]. It is notable that the plasma concentrations in HD patients are increased compared to ANGPTL4 \[[@B38-toxins-06-01505],[@B39-toxins-06-01505]\] while there are conflicting results regarding ANGPTL3 with either increased \[[@B39-toxins-06-01505]\] or reduced levels \[[@B40-toxins-06-01505]\]. The reason for this difference is not clear. One possibility is a different reactivity of the antibodies used and the complex pattern of molecular forms of the ANGPTLs in plasma. High flux HD, but not low flux, will reduce the level of ANGPTL4 but not ANGPTL3 in plasma \[[@B39-toxins-06-01505]\].

1.5. Measures in Dialysis to Counteract Release of Lipases
----------------------------------------------------------

What options may help to limit the loss of lipase pool during dialysis? Dialysis using citrate in the dialysate was shown not to cause a release of the LPL from its binding sites \[[@B39-toxins-06-01505]\]. However, this type of dialysis resulted in frequent clotting problems when not adding UFH or LMWH \[[@B41-toxins-06-01505]\]. The use of regional citrate anticoagulation has to be further explored in this setting. However, it is not clear to what extent the system is safe, not causing arrhythmia and other side effects \[[@B17-toxins-06-01505],[@B42-toxins-06-01505]\]. This has to be further clarified.

In patients on peritoneal dialysis there is no need of intermittent doses of LMWH or UFH, and thereby no release of LPL and HL from its bindings sites. However, the uremic toxins result in a similar lowered base line level of the lipases in PD as in HD patients, indicating severe metabolic disturbance. The loss of lipases during conventional haemodialysis results in a process of repeated metabolic starvation that does not appear in PD \[[@B43-toxins-06-01505]\]. In HD, this loss of lipases by the anticoagulation at each dialysis process results in malnutrition that will also afflict the cell functions negatively by a lack of free fatty acids for energy supply. Such lack may contribute to increased risk for inflammation, infections and endothelial dysfunction including atherosclerosis, all ending up in the MIA syndrome. Here, PD patients are favoured to maintain lipases and thereby to a lesser extent will suffer from malnutrition. Since addition of glucose is present in PD solutions there may even be an increase in weight gain, a benefit in malnutrition but a disadvantage if the patient is obese.

2. Conclusions
==============

In summary, these studies show that uraemia results in a decreased activity of lipases that contribute to a large part of our energy resources. A combined problem is present, firstly, resulting in lowered production of lipases and secondly, by repeated degradation of the lipase pool during conventional anticoagulation for standard HD. The presence of numerous inhibitors adds to this problem. The results of intermittent lipase loss will also result in a lack of free fatty acids over time and thereby shift the patient temporarily into an intermittent metabolic starvation of the patients. An option for malnourished patients having HD could be to change them for peritoneal dialysis. Further studies may clarify if citrate dialysis favours the energy balance of HD patients in the long run.
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